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Abstract 
Neutron radiography system without the use of artificial neutron source has been developed. It uses only natural neutrons which 
exist continuously in any place. The system consists of a high sensitivity neutron imaging device and neutron moderator. The 
imaging device used was a 2-dimensional photon counter system which has been developing so far for high sensitivity neutron 
imaging. However, further improvement of neutron sensitivity and reduction of Ȗ-ray response is no doubt indispensable, while 
Ȗ-rays originated by cosmic rays and environmental radio isotopes also exist with the flux in several orders of magnitude large 
compared with that of the neutrons. 
The environmental neutrons are originated by cosmic ray. The intensity of natural neutrons is changed with the environmental 
conditions. Interestingly, the neutrons were observed to increase considerably with the condition near the massive iron blocks. 
The phenomenon is useful for our purpose, while the main object of the natural neutron imaging system is the field inspection 
of large iron structures. 
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1. Introduction 
The neutron radiography (NRG) has been regarded as a favorable technique for inspecting of inner corrosion 
and defect of thick metal structures, which could not be detected by the use of the X-ray radiographic testing 
(XRT). Regretfully, the technique is not widely used for general industry, since the neutron sources are massive 
and expensive. For the purpose of popularizing the neutron radiography technique for various applications, we have 
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been developing some high sensitivity imaging system. The highest sensitivity was obtained by the combination of 
2-dimensional photon counter and neutron sensitive scintillation screen1). The system obtained neutron images 
successfully with neutron flux 4 ~ 5 orders of magnitude weak compared with that of conventional NRG systems. 
In this study, we attempt to develop a natural neutron radiography system by the use of the previous system with 
improving of the neutron sensitivity and the n/Ȗ ratio. 
Fig. 1: Relation between the neutron flux and the exposure time for several neutron imaging methods. 
Figure 1 shows the general relation between neutron flux and exposure time for the neutron radiography system. 
In this figure, the horizontal axis shows the neutron flux in logarithm and the vertical axis shows the exposure time 
in logarithm respectively. Generally, the neutron flux is considered to be required about 106  n/cm2/sec for the 
conventional NRG, which is located in right lower region of Fig.1. Even in the condition with weak neutron field, 
neutron images with equivalent image quality will be obtained by the long time exposure. The high sensitivity 
neutron imaging systems have been developed which can operate in the weak neutron field such as region (1) in 
Fig.1. The three species of high sensitivity imaging device (IP; imaging plate, cooled CCD, 2-dimensional photon 
counter) have been investigated. Lines (a), (b), (c) in Fig.1 indicate the condition that the same image quality will 
be obtained. Line (a) indicates for the IP and the cooled CCD, line (b) for 2-dimensional photon counter and line 
(c) is the case of ideal imaging detector which has 100% detection efficiency. The 2-dimensional photon counter 
showed good performance in the weak neutron field compared with other imaging devices. 
Figure 1(X) and (Y) show examples of neutron image obtained by the use of 2-dimensional photon counter. 
They were obtained by the condition which indicates the position (1), (2) in Fig.1 respectively. Especially, Fig. 
1(Y) is the neutron image obtained with the weakest neutron field which used small Cf-252 neutron source 
(1MBq) and their neutron flux was a few n/cm2/sec. By the way, the background neutron region (3) is neighboring 
the position (2) in Fig.1. The neutrons originated from cosmic rays are dominant in this region. We attempt to 
develop a natural neutron radiography system which operates in the background neutron region and obtains 
neutron images without neutron source. 
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2. Natural neutron radiography 
Neutrons are continuously existence in any place which are originated from the cosmic rays and their flux is 
about 0.1~0.01 n/cm2/sec. They are usually regarded as a noise component for high sensitivity neutron imaging. 
On the contrary, we attempt to use these neutrons for radiography. Figure 2 shows the basic composition of the 
system, which is roughly constructed with the moderator, sample, imaging device and the neutron shield. 
Environmental neutrons are randomly flying. The incident neutrons are scattered and thermalized in the modulator 
and pass through the sample and detected by the imaging device. On the other side, neutrons injected in the 
neutron shield are absorbed. On the whole, the flow of neutrons is generated and passed through the sample in the 
system. The system obtains neutron radiographic images of the sample by the use of this phenomenon.   
Fig.2: Natural neutron radiography 
3. Imaging device 
The neutron imaging system consists of neutron sensitive scintillator and the 2-dimensional photon counter 
(Hamamatsu, PIAS-TI). The 2-dimensional photon counter can be regarded as a kind of high sensitivity TV 
camera with the maximum sensitivity, which can measure a single photon event individually with its 2-
dimensional location2). Figure 3 shows the principle of the position sensitive counting. Incident photons are 
converted electrons by a photo-cathode, and the electron signals are amplified by cascade of micro-channel plates 
(MCPs). The amplitude and the location of the output electron beam are measured by a position sensitive 
semiconductor detector. Images are reconstructed in the digital memory from these (x,y) position data.  
The neutron signal is converted to the photon signal by a neutron sensitive scintillator set in the front of the 2-
dimasional photon counter. The neutron sensitivity of the scintillator is the most important factor for the system. 
Additionally, the scintllator also detects Ȗ-rays. Figure 4 shows experimental results between the neutron 
sensitivity and the Ȗ-ray sensitivity for several species of neutron sensitive scintillator3). The vertical axis indicates 
the Ȗ-ray sensitivity and the horizontal shows the neutron sensitivity in logarithm. The response of Gd2O2S type 
scintillators located in the upper left region of the figure. The neutron sensitivity increased according to increase 
the thickness of scintillator for any type, while the Ȗ-ray sensitivity also increased. The neutron sensitivity of 
Gd2O2S type was high, but the Ȗ-rays sensitivity was also high. On the other side, the Ȗ-ray sensitivity of the 
ZnS+LiF types was considerably small. The most part of natural radiation is occupied by the Ȗ-rays and the Ȗ-ray 
reduction is an important problem for this development. The ZnS+LiF scintillator is considered to be proper for the 
neutron converter. 
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Fig. 3: Internal structure of 2-dimensional photon counter 
Fig. 4: Neutron sensitivity and Ȗ-ray sensitivity of several scintillator 
4. Neutron enhancement 
The natural neutron flux is about 0.1 ~ 0.01 n/cm2/sec. The flux is enough for the high sensitivity neutron 
imaging system such as 2-dimensional photon counting system. However, the value is a summation of every 
direction. The flux of effective neutron is several orders of magnitude small. The higher sensitivity imaging 
technique is dispensable. Additionally, techniques for enhancement of thermal neutron would be needed. The 
natural neutron flux has been known to be changed with the material condition surrounds the detector. For 
instance, Tongiorigi reported that natural neutron increased extremely in the case of setting heavy metal near by 
the neutron detector4). In this study, the phenomenon was verified experimentally. Figure 5 shows the experimental 
set-up. The detector used was He-3 proportional counter (LND, LND275). The polyethylene block set for the 
moderator on the surface and bottom of the detector. Additionally, the iron block piled up on it. The environmental 
neutron was measured with the change of thickness of iron layer. Figure 6 shows the results. The neutron increased 
by increasing the thickness of iron layer.  
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The environmental neutrons are considered the secondary radiation of cosmic rays. The most part of them is 
generated with (Ȗ, n) reaction of environmental materials. The neutron breeding effect observed is considered to be 
consistent with this explanation. On the whole, the phenomenon is useful for our purpose. For instance, the major 
application of this development is the inspection of large structures, which may contain massive iron parts. The 
iron parts would be expected to play as the neutron breeder. 
Fig. 5: Outside view of He-3 neutron detection system 
Fig. 6: Relation between the neutron count and the thickness of Fe plate. 
5. Evaluation of n/Ȗ ratio  
Figure 7 shows the neutron imaging system fabricated. The scintillation screen was set in the dark box. The 
radiation image in the screen was measured by the 2-dimensional photon counter set at distance of about 50 cm 
from the screen. The 5cm thick polyethylene blocks containing boron were set in the side and bottom of the dark 
box for the purpose of the neutron shield. On the surface of the box, (a) sample, (b) polyethylene block, (c) iron 
block and (d) polyethylene block was set in piles. The thickness of (b), (c),(d) was 5cm respectively.
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The natural neutron is weak and contains large number of Ȗ-rays. The reduction method of Ȗ-ray response is 
indispensable. In this study, the low Ȗ-ray sensitive scintillator was selected. Additionally, the electronic reduction 
was used. The 2-dimensional photon counter equipped a pulse height discriminator for the summation pulse of the 
output from the position sensitive semiconductor detector. The discriminator was originally used for limiting the 
detection to single photon event, for avoiding of miscount by multi-hit event. While the number of photon 
emission by Ȗ-ray is relatively smaller than that by neutron, the response of Ȗ-ray could be reduced by modulating 
of discrimination level5). 
Fig. 7: Natural neutron imaging system 
First, we evaluated the n/Ȗ ratio of environmental radiation and estimated an optimum value of the low level 
discriminator (LLD). In the experiment, the imaging system measured the environmental radiation for several 
hours without sample with change of the LLD value. Next, the moderator ((b)(1) polyethylene block in Fig.7) 
changed to the neutron shield ((b)(2) polyethylene containing boron in Fig.7) and continued the measurement. The 
difference of total count is roughly considered the thermal neutron count. Figure 8(a) shows the relation between 
the difference ((1)-(2): neutron) and the LLD value. The figure also shows the total neutron count of this system 
was only ~200 cph. 
Figure 8(b) shows the change of the n/Ȗ ratio (((1)-(2))/(2) ) with the change of the LLD value. The figure 
indicates the optimum value of the n/Ȗ ratio was about 0.02. The value also means that theȖ-ray response was 50 
times larger than that of neutron. 
Figure 8: Relation between the neutron sensitivity, n/Ȗ ratio and lower level discrimination (LLD) of 2-dimensional photon counter. 
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Figure 9: Outside view of natural neutron imaging system  
Figure 10: Cd test pattern and the view of setting.
6. Neutron enhancement 
The environmental neutron images were obtained by the use of the imaging system shown in Fig.7. Figure 9 
shows the outside view of the system. Figure 10(a) shows the test pattern used for the test sample which is made of 
0.5mm thick cadmium plate. The sample set on the surface of the dark box (Fig.10 (b)). For the test of the system, 
a neutron image was obtained by the use of weak neutron source (Cf-252, 3.7kBq). The source was set on the 
moderator and measured for 10 hours. The result is shown in Fig.11. The cross pattern appears in the image which 
is unclear with the cause of insufficient collimation of the neutron. 
Next, the source was removed and the sample was measured only by the natural neutrons with the use of the 
same system. Figure 12 shows the result measured for 600 hours. The total count of Fig.12 was 2587371. 
However, it corresponded to about 10 counts by one pixel. Considering of the n/Ȗ ratio measured previously, the 
neutron count by one pixel could be estimated about 0.2. The value was too small to make neutron image. The 
image in Fig.12 was processed by averaging of 10×10 pixels. The neutron statistics was enhanced by this operation 
to 20 per one local region. However, the Ȗ-ray response remained about one thousand in the same region. These 
responses are known to fluctuate obeyed by a Poisson distribution. The standard deviation of the Ȗ-ray response 
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can be estimated the square root of the mean value (~32). Therefore, the neutron image was hidden by these 
fluctuations and the cross pattern appeared slightly in Fig.12. On the whole, the image quality of natural neutron 
radiograph is not sufficient caused by the fluctuation of intense Ȗ-ray response. For improving the image quality, 
further more accumulation of neutron count and the more effective Ȗ-ray reduction method would be required. 
Figure 11:Neutron image obtained by the use of small neutron 
source 
Figure 12: Neutron image only by the natural neutrons. 
7. Concluding remarks 
Neutron imaging system without use of artificial neutron source was developed. The system was required long 
time counting and their spatial resolution was insufficient.  For the next step of this study, optimization of 
moderator and the more effective Ȗ-ray reduction would be required. On the whole, the system was already capable 
of long term operation. The system is considered to be effective for the inspection of large scale samples, 
especially for large iron structures such as field inspection of bridges, buildings and archaeological remains. 
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